Callus and suspension cells culture of Kaempferia parviflora was successfully established. Meristematic shoots can be used for utilization of plant cell biosynthetic capabilities for obtaining useful products from valuable medicinal plant to meet out the pharmaceutical demand and also for studying the metabolism. 
Introduction
Kaempferia parviflora is a ginger plant belonging to the Zingiberaceae family. It is also known as "cekur hitam" in Malay, and Krachai-dam in Thai language. The rhizome of this plant has been traditionally used in Malay and Thai medicine for promoting health, relieving body pains, leucorrhea, oral disease, gastrointestinal disorders, and rectifying male impotence [1] - [4] . Phytochemical studies revealed that the rhizomes of K. parvifora contains volatile oil [5] , phenolic glycoside [6] and many flavonoids including flavones, flavanones and chalcones [1] [7] . Previous studies demonstrated K. parviflora to possessed antifungal, anti-plasmodial, anti-fungal, antimycobacterial [1] , anti-gastric ulcers [2] , anti-allergic [3] , anti HIV-1 [8] and anti-ace tylcholine-esterase (AChE) activities [9] . The ethanolic extract and 5-hydroxy-3,7,3',4',-tetramethoxyflavone of this plant exhibited appreciable inhibitory effects on nitric oxideand PGE2 release from murine macrophage cells [3] . Traditionally, rhizome of K. parviflora has been used as herbal medicine to alleviate male impotence [4] . Even though its mechanism of action is not known, recent in vitro study indicated that it may be mediated through cGMP by promoting inhibition of phosphodiesterase type 5 (PDE-5) activity, which breaks down cGMP by cleaving it to 5'-GMP [10] . Oral administration of this plant also significantly prevents UVB-induced photo aging in hairless mice [11] .
An efficient micro-propagation protocol for K. parviflora has been established [12] . The terminal buds cultured on MS medium supplemented with 7 mg/L 6-benzylaminopurine produced 5 shoots per initial explants after 8 weeks of culture. It's a suitable source of planting materials for production of biologically active chemicals. Asan alternative, the callus and suspension cells techniques may also be applied to replace plantation systems. The key are technical and economic feasibility rests on the ability to induce and select genetically stable whole plants or cell cultures that overproduce specific chemicals and the development of scale-up technology that exploits the biological capabilities of plant cells and promotes efficient production. Such technology also allows manipulation of medium and culture condition. To date, callus and suspension cells culture of several ginger species family has been successfully established [13] - [15] . Therefore, the objective of this study is to establish a protocol for proliferation of callus and suspension cells culture of K. parviflora, which can be a source for secondary metabolites production.
Material and Methods

Plant Materials and Culture Condition
Rhizomes of Kaempreria parviflora were obtained from Ladang Mak Yah nursery in Temerloh Pahang, Malaysia. They were then cultivated in the glasshouse to allow sprouting of immature buds. The temperature in glasshouse were 29˚C ± 3˚C with a 12L:12D photoperiod and the relative humidity fluctuated between 50% -70%. Buds of immature sprouts were collected and used as the source of explants. Immature buds were cleaned under running tap water for an hour then washed with commercial laboratory detergent (Decon 5% (v/v) and rinsed thoroughly with tap water. Explants were then immersed in 1% (v/v) fungicide (Benomyl 50%, Benlate were excised used as explants for the callus induction. In this experiment, MS [16] basal media was used. The medium was supplemented with PGRs, 3% (w/v) sucrose, adjusted to pH 5.8, solidified with 0.3% (w/v) gelrite and sterilized by autoclaving at 121˚C and 104 kPa for 15 min. All cultures were incubated in culture room provided with white fluorescent light at intensity of 3000 lux at a photoperiodic 16 h. The room temperature was maintained at 25˚C ± 2˚C.
Callus Induction and Proliferation
Shoot buds (Figures 1(a) -(c)) were excised from in vitro plantlets and used as explants. Explants were cultured on callus induction medium ( Table 1) containing MS basal medium and various combination of 2,4-D (0.2 -2.0 mg/L) with NAA (0.2 -2.0 mg/L). Cultures were monitored daily. The percentage of explants produced callus and day of callus formed were scored as amount of callus produced at every seven days intervals. The day that first explants produced callus was considered as the faster's period for callus induction. The growth of callus was optimised by transferring the healthy callus onto fresh medium contained 2,4-D and NAA ( Table 2) . The fresh and dry weights of callus were recorded after 40 days of culture.
Establishment of Suspension Cell Cultures
Suspension cell cultures was initiated from healthy, friable and soft callus maintained on medium containing 1.0 1 g), respectively and incubated in culture room on orbital shaker with continuously shaken at 110 rpm. The fresh weight of cells was measured at every 10 days internal until the growth reached the stationary phase. Subsequently, cells at the early stationary growth-phase were sub-cultured into optimization medium containing with various concentrations of 2,4-D and/or NAA ( Table 3) . Cells were grown until reached the stationary stage (50 days). At harvested, cells the biomass was determined.
Statistical Analysis
The data were subjected to one way analysis of variance (ANOVA) to assess treatment differences and interaction using the SPSS version 11.0 significance between means was tested by DMRT's Test (p ≤ 0.05). This ex- 
Results and Discussion
Effect of Exogenous Plant Growth Regulators on Callus Formation and Proliferation
Results showed that all culture media used were suitable for callus induction using shoot buds explants, with exception 2.0 mg/L NAA ( Table 1 ) (Figures 1(d)-(f) ). The greatest number of callus forming was obtained in 0.2 mg/L 2,4-D + 0.2 mg/L NAA, where the percentage of callus forming were 20% after 95 days inoculated onto the treatment medium. The number of explants forming was decreased as the concentration of 2,4-D or NAA increases. In these media, time for callogenesis was also delayed ( Table 1) . As example, explants culture in 2.0 mg/L 2,4-D + 1.0 mg/L NAA taken 120 days before fist callus in generated. The callus was soft in texture, friable in structure and yellowish white (Figure 1(e), Figure 1(f) ). These results not much differed from those of [17] [18], who obtained callus from young leaves of Cornukaempferia larsenii and Cornukaempferia aurantiolia on MS medium supplemented with various concentrations of 2,4-D in light and dark conditions. They stated that callus forming was from the basal part of the explants which contained the meristematic tissue. Callus forming from various tissues were morphologically different. It response were depends on the chemical nature, the combination and concentration of plant growth regulator and varies between genotype [19] . They have reported that, soft and friable were calli developed from shoot primordia, hard and compact calli developed from 2 weeks old buds of Zingiber officinale cultured on medium MS medium contains 0. Table 2 . Based on biomass, the highest proliferation of callus was in 1.0 mg/L 2,4-D. It was 6.71 g and 540 mg of fresh and dry weight, respectively. Callus cultured in 2.0 and 5.g mg/L NAA exhibited the second highest of callus proliferation. Interestingly, callogenesis was preferred combination of 2,4-D with NAA at lower concentrations, while callus proliferation in higher 2,4-D concentration, singly. Addition of NAA in the medium is useful to avoid the formation of embryogenic callus [21] . It have stated that NAA had no effect on the embryogenic callus induction, but Kinetin facilitated the effect of 2,4-D on embryogenic callus induction in Zingiber officinale.
Establishment of Suspension Cell Culture
Suspension cell cultures of K. parviflora were easily established from the proliferated calli (Figure 1(g) , Figure  1(h) ). Results showed that initial weight calli used as inoculum were significantly influenced the proliferation of suspension cells (Figure 2) . The highest fresh weight of cells (16 ± 0.6 g) was obtained from 1.0 g calli (2.5% w/v) as inoculum. It was16-fold increment after 50 days of culture. In the other hand, fresh weight of cells initiated from 0.5 g (1.25% w/v) and 0.2 g (0.5% w/v) calli was 14 g and 13 g, respectively. This is equivalent to 28-and 130-fold higher from the initial weight. All cultures exhibited the proliferation phase between 20 to 40 days of culture and reached the stationary phase after 40 days of culture. Small size of inoculum means small number of cells was transferred into culture medium. Thus, this phenomenon suggesting that K. parviflora suspension cell culture contains lower cells density possesses higher cells proliferation rate. [21] reported that cells proliferation was slow in ginger suspension cell cultures when the amount of inoculated cells lower than 0.5% (w/v), but it highly proliferated when more than 2.0% (w/v) cells were inoculated. The size inoculum was also greatly affected cell vitalities in further subcultures of ginger suspension cultures. These quickly proliferated cells were rapidly browned due to fast consumption of oxygen and nutrition [21] .
Results on the optimization of culture medium for proliferation of suspension cell cultures are shown in Table 3 . Interestingly, the highest biomass of suspension cells was obtained in 1.0 mg/L 2,4-D, which similar for callus proliferation. However, the final weight of biomass of suspension cell cultures was 2-fold higher than callus in the same medium. This finding shows the feasibility of suspension cell cultures for production of biomass of K. parviflora under controlled environment.
Conclusion
Callus of K. parviflora was easily established from the meristem shoot bud of in vitro plantlets. The optimum medium for proliferation of callus and suspension cell culture for this plant was 1.0 mg/L 2,4-D. Suspension cell cultures demonstrated higher proliferation rate than callus culture. 
